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Simple Summary: The identification of diagnostic and prognostic biomarkers for the management
of patients with hepatocellular carcinoma is an unmet need. Here we investigate the potential
clinical utility of the measurement of serum epidermal growth factor receptor 3 (i.e., ERBB3) in
hepatitis C virus-infected patients with early hepatocellular carcinoma. Median values of serum
ERBB3 were similar between patients with cirrhosis and those with early hepatocellular carcinoma
(HCC); therefore, the measurement of the biomarker in the setting of HCC surveillance appeared
unsuitable. Conversely, in patients with early HCC, serum ERBB3 values were significantly associated
with overall survival, suggesting that the biomarker may be useful to tailor appropriate treatment
strategies in hepatitis C virus (HCV)-infected patients with early hepatocellular carcinoma.
Abstract: Epidermal growth factor receptor 3 (ERBB3) is a surface tyrosine kinase receptor belonging
to the EGFR/ERBB family, involved in tumor development and progression. We evaluated the
diagnostic and prognostic value of serum ERBB3 measurement in hepatitis C virus (HCV)-infected
patients with early hepatocellular carcinoma (HCC). A total of 164 HCV-infected patients (82 with
cirrhosis and 82 with early HCC) were included in the study. HCC was classified according to the
Barcelona Clinic Liver Cancer (BCLC) staging system. Among patients with HCC, 23 (28%) had a
diagnosis of very early tumor (BCLC = 0), while 59 (62%) had a diagnosis of early HCC (BCLC = A).
Median overall survival (OS) in patients with HCC was 79.2 (95% CI 51.6–124.8) months. While
ERBB3 serum values were similar between patients with cirrhosis and those with HCC (p = 0.993),
in the latter, serum ERBB3 ≥ 2860 RU resulted significantly and independently associated with OS
(Hazard Ratio = 2.24, 95% CI 1.16–4.35, p = 0.017). Consistently, the 1-, 3-, and 5-year OS rates in
patients with serum ERBB3 ≥ 2860 RU were 90% (36/40), 53% (19/36), and 28% (8/29) in comparison
to patients with serum ERBB3 < 2860 RU, which were 98% (40/41), 80% (32/40), and 74% (26/35)
(Log-rank test; p = 0.014). In conclusion, serum ERBB3 values resulted an independent prognostic
factor of patients with early HCC and might be useful to tailor more personalized treatment strategies.
Keywords: BCLC; biomarker; ERBB3; HCC
Biology 2021, 10, 215. https://doi.org/10.3390/biology10030215 https://www.mdpi.com/journal/biology
Biology 2021, 10, 215 2 of 9
1. Introduction
Hepatocellular carcinoma (HCC) accounts for 90% of all liver cancers and is one of the
leading causes of death worldwide, with 841,000 new cases and 782,000 deaths per year [1].
Despite the availability of direct-acting antivirals, chronic hepatitis C virus (HCV) infection
still represents a major cause of liver disease and cirrhosis, a condition at high risk for HCC
development [2,3]. It has been calculated that 2.5% of patients affected by chronic HCV
infection develop HCC [4], and the incidence rate of HCC is expected to further increase
between 2018 and 2030 [5].
The prognosis of HCC varies greatly according to the tumor stage at diagnosis and
overall liver function status; therefore, a timely detection of the tumor is crucial in order
to allow curative treatments and thus to improve patients’ survival [6,7]. According to
international guidelines, surveillance for HCC should be performed in patients at risk
for tumor development by means of ultrasound (US), with or without the measurement
of serum alpha-fetoprotein (AFP) [8,9], while the Barcelona Clinic Liver Cancer (BCLC)
staging system should be adopted for HCC prognostication and treatment allocation [8,9].
However, US has sub-optimal sensitivity for early HCC detection [10,11]; therefore, there is
a need for novel tools able to improve surveillance in patients at risk of HCC development.
Furthermore, novel biomarkers are urgently needed in order to refine prognosis and to
tailor personalized treatment strategies.
Epidermal growth factor receptor 3 (ERBB3) is a surface tyrosine kinase receptor
belonging to the EGFR/ERBB family [12]. ERBB receptors are widely expressed in different
cell types and play a pivotal role in many cellular functions, including cell growth, division,
migration, adhesion, and apoptosis [13]. Moreover, increasing evidence supports the
involvement of ERBB receptors, together with the process of epithelial–mesenchymal
transition, in the development and progression of different types of human cancer [14–17].
Recent studies suggested that secreted ERBB3 isoforms were able to discriminate between
patients with or without HCC [18], and that serum ERBB3 was associated with overall
survival (OS) in patients with advanced HCC [19].
Here, we investigated the diagnostic and prognostic value of serum ERBB3 in HCV-
infected patients with early HCC.
2. Materials and Methods
2.1. Patients
This retrospective study included patients with HCV-related cirrhosis with or without
a new diagnosis of HCC, recruited at the outpatient clinic of the Unit of Gastroenterology
of Città della Salute e della Scienza di Torino—Molinette Hospital, Turin, Italy, between
November 2012 and January 2018.
For all patients, the inclusion criteria were age ≥18 years, serum anti-HCV-positivity,
diagnosis of cirrhosis, availability of a serum sample at the time of HCC diagnosis, and
signed written informed consent. For patients with cirrhosis under surveillance, a mini-
mum of 1-year US follow-up after the collection of serum sample was required. For patients
with HCC, an additional inclusion criterion was a diagnosis of early tumor.
The presence of cirrhosis was assessed by liver elastography (FibroScan®, Echosens™,
Paris, France) or by hepatic ultrasound features and endoscopic signs of portal hyper-
tension [20,21]. The diagnosis of HCC was achieved by histological examination or by
contrast-enhanced imaging methods showing the radiological hallmark of HCC (i.e., the
combination of hypervascularity in late arterial phase and washout on portal venous
and/or delayed phases), following international guidelines [8]. Early HCC was classified
according to the BCLC staging system (0 = very early; A = early) [8].
Serum samples were collected in polypropylene 2 mL tubes labeled with the study
participant identification code and stored at −80 ◦C.
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2.2. Measurement of Serum ERBB3
The HCC-REAAD™ ERBB3 ELISA kit (Restalyst Pte Ltd., Singapore) was used for the
quantitative detection of human ERBB3 in serum. Briefly, the methods make use of two
layers of antibodies (i.e., capture and detection antibodies) to determine patients’ ERBB3
protein levels in serum samples. An 11-point standard curve in 2-fold serial dilutions was
used to quantify ERBB3 concentration in each sample. Optical density was red at 450 nm
against a 620 nm reference filter. Final concentration was given in arbitrary REAAD™
Units (RU).
2.3. Statistical Analysis
Continuous variables were reported as median and interquartile range (IQR) while
categorical variables were reported as number and percentages (%). Data normality was
checked by the D’Agostino–Pearson test. The Mann–Whitney test and Fisher’s exact test
were used to compare continuous and categorical variables, respectively. The Kruskal–
Wallis test was used to compare continuous variables among more than two independent
groups. Correlation between continuous variables was assessed by Spearman’s rank corre-
lation coefficient (rs). Diagnostic accuracy was assessed by receiver operating characteristic
(ROC) curve analysis reporting the area under the curve (AUC) value as estimate of accu-
racy. The survival curves were analyzed by the Kaplan–Meier method with the log-rank
test. Multivariate Cox proportional-hazard regression analysis was performed to evaluate
whether variables associated with OS at univariate analysis were independently associated
with patient survival (Hazard ratio; HR).
All statistical analyses were performed by using MedCalc® v.18.9.1 (MedCalc Software
Ltd., Ostend, Belgium) and a p value smaller than 0.05 was considered
statistically significant.
3. Results
A total of 164 patients (82 patients with HCC and 82 patients with cirrhosis without
HCC) were included in the study. The demographic, clinical, and biochemical characteris-
tics of the study population is reported in Table 1.
All patients were Caucasians and were all chronically infected with HCV. The
82 patients with HCC were significantly older than the 82 patients with cirrhosis (68, range
45–89 years vs. 58, range 49–82 years; p < 0.001). The ratio of males to total patients was 79%
(65/82) in patients with HCC and 63% (52/82) in those with cirrhosis (p = 0.038). Patients
with HCC showed worse liver function: higher alanine aminotransferase (ALT) (p = 0.019),
higher aspartate aminotransferase (AST) (p < 0.001), lower platelet count (p < 0.001), lower
albumin (p < 0.001), higher international normalized ratio (INR) (p = 0.007), and higher
total bilirubin (p = 0.010) compared to patients with cirrhosis. Among patients with HCC,
23 (28%) had a diagnosis of very early tumor (BCLC = 0) while 59 (62%) had a diagnosis
of early HCC (BCLC = A). As first-line therapy, 74 (90%) patients with HCC were treated
with thermoablative percutaneous techniques; 65 with radiofrequency ablation (RFA) and
9 with microwave ablation (MWA) associated or not with percutaneous ethanol injection.
Only 8 (10%) patients underwent surgery as curative treatment.
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Table 1. Characteristics of the patients included in the study according to hepatocellular carcinoma
(HCC) diagnosis.
Characteristics Cirrhosis HCC p-Value
Patients, n 82 82
Age (years), median (range) 58 (49–82) 67 (45–89) <0.001
Male gender, n (%) 52 (63%) 65 (79%) 0.038
ALT (U/L), median (IQR) 58 (33–89) 67 (36–126) 0.019
AST (U/L), median (IQR) 59 (31–73) 82 (47–132) <0.001
Platelets (× 109/L), median
(IQR)
139 (88–187) 97 (68–124) <0.001
Albumin (g/dL), median
(IQR) 4.1 (3.8–4.4) 3.9 (3.3–4.1) <0.001
INR, median (IQR) 1.07 (1.00–1.16) 1.15 (1.06–1.26) 0.007
Total Bilirubin (mg/dL),
median (IQR) 0.8 (0.6–1.1) 1.0 (0.7–1.6) 0.010
AFP (ng/mL), median (IQR) 8.2 (4.4–14.0) 17.5 (7.3–46.0) <0.001
Child–Pugh Score
A, n (%) 80 (98%) 71 (87%) 0.018
B, n (%) 2 (2%) 11 (13%)
BCLC Stage
0, n (%) 23 (28%)
A, n (%) 59 (62%)
HCC nodules
1, n (%) 51 (62%)
2, n (%) 19 (23%)
3, n (%) 12 (15%)
Size of major nodule (mm),
median (IQR) 18 (15–24)
p values for quantitative variables were calculated by the Mann–Whitney test while p values for categorical
variables were calculated by Fishers’ Exact test. Abbreviations: alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alpha-fetoprotein (AFP), Barcelona Clinic Liver Cancer (BCLC), hepatocellular carcinoma
(HCC), international normalized ratio (INR), interquartile range (IQR), number (n).
3.1. Diagnostic Accuracy of Serum ERBB3 for the Detection of HCC
The performance of serum ERBB3 was compared to that of AFP as a reference
biomarker for HCC detection. Median AFP values were significantly different between
patients with cirrhosis and those with HCC (p < 0.001) (Figure 1A). Conversely, no dif-
ference was observed for serum ERBB3; in patients with cirrhosis, median ERBB3 values
were 2736 (2213–3606) RU while in patients with HCC, they were 2859 (2064–3809) RU
(p = 0.993) (Figure 1B). Consistently, AFP showed an AUC value of 0.710, 95% CI 0.634–
0.778 (p < 0.001) for the discrimination between cirrhosis and HCC, while serum ERBB3
was not able to discriminate between the two groups of patients (AUC = 0.500, 95% CI
0.421–0.579, p = 0.994) (Figure 1C).
In patients with HCC, serum ERBB3 values were moderately correlated to ALT
(rs = 0.204, 95% CI 0.030–0.328, p = 0.007), to AST (rs = 0.229, 95% CI 0.053–0.352, p = 0.002),
and to AFP (rs = 0.160, 95% CI 0.015–0.304, p = 0.034). Conversely, no correlation was
observed between serum ERBB3 levels and tumor features (Figure 2).
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Figure 1. AFP (A) and ERBB3 (B) serum values in patients with cirrhosis and those with HCC and the corresponding receiver
operating characteristic (ROC) curves (C). Hollow circles indicate values that are smaller than the lower quartile minus
1.5 times the interquartile range, or larger than the upper quartile plus 1.5 times the interquartile range; red squares indicate
values that are smaller than the lower quartile minus 3 times the interquartile range, or larger than the upper quartile plus
3 times the interquartile range. p values were calculated by the Mann–Whitney test. Abbreviations: alpha-fetoprotein (AFP),
area under the curve (AUC), epidermal growth factor receptor 3 (ERBB3), arbitrary REAAD™ Units (RU).
Figure 2. Correlation analysis. (A–D) Correlation between continuous variables was assessed by Spearman’s rank correlation
coefficient. (E) p value was calculated by the Kruskal–Wallis test. (F) p value was calculated by the Mann–Whitney test.
Abbreviations: alpha-fetoprotein (AFP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), Barcelona Clinic
Liver Cancer (BCLC), epidermal growth factor receptor 3 (ERBB3), hepatocellular carcinoma (HCC), number (n), arbitrary
REAAD™ Units (RU).
3.2. Prediction of Overall Survival
The median follow-up of the 82 patients with HCC was 46.1 (95% CI 37.4–60.4) months,
while the median OS was 79.2 (95% CI 51.6–124.8) months. Thirty-seven (45%) patients died
during the follow-up period. For Kaplan–Meyer analysis, ERBB3 values were dichotomized
according to the observed median concentration in the cohort of patients with HCC (i.e.,
2859 RU).
In the overall group of patients with HCC (n = 82), the 1-year survival rate was 95%
(77/81), the 3-year survival rate was 67% (51/76) and the 5-year survival rate was 53%
(34/64). According to serum ERBB3 values, the 1-, 3-, and 5-year OS rates in patients with
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serum ERBB3 ≥ 2860 RU were 90% (36/40), 53% (19/36), and 28% (8/29) in comparison
to patients with serum ERBB3 < 2860 RU, which were 98% (40/41), 80% (32/40), and 74%
(26/35) (Log-rank test; p = 0.014) (Figure 3). The AUC values for the prediction of 1-, 3-, and
5-year OS were 0.697, 95% CI 0.585–0.795 (p = 0.056), 0.685, 95% CI 0.568–0.787 (p = 0.004)
and 0.759, 95% CI 0.636–0.857 (p < 0.001), respectively.
Figure 3. Survival curves according to serum ERBB3 ≥ 2860 RU. Small vertical lines indicate censored
data. Abbreviations: epidermal growth factor receptor 3 (ERBB3), arbitrary REAAD™ Units (RU).
At multivariate Cox regression analysis adjusted for age, liver function (Child–Pugh
score) and tumor stage (BCLC), ERBB3 ≥ 2860 resulted significantly and independently
associated with OS (HR = 2.24, 95% CI 1.16–4.35, p = 0.017) (Table 2).
Table 2. Multivariate Cox proportional-hazard regression analysis of the predictors of overall
survival (OS).
Characteristics HR, 95% CI p-Value
Age, years 1.01, 0.98–1.05 0.370
Child–Pugh Score, B 0.77, 0.26–2.26 0.770
BCLC Score, A 1.40, 0.66–2.98 0.377
Serum ERBB3 ≥ 2860 RU 2.24, 1.16–4.35 0.017
Abbreviations: Barcelona Clinic Liver Cancer (BCLC), confidence interval (CI), hazard ratio (HR), epidermal
growth factor receptor 3 (ERBB3), arbitrary REAAD™ Units (RU).
4. Discussion
In the present study, we investigated the clinical role of serum ERBB3 measurement in
patients with early HCC. Although serum ERBB3 was not able to discriminate between
patients with cirrhosis and those with HCC, we observed a potential prognostic value for
the prediction of OS. Remarkably, the association with patients’ outcome was independent
from age, liver function, and HCC stage.
Secreted isoforms of ERBB3 have been described in different types of cancer [22,23];
to the best of our knowledge, only the study by Hsieh and colleagues investigated the
accuracy of serum ERBB3 for the detection of HCC [18]. In contrast to our findings,
the authors reported a good diagnostic accuracy for the discrimination between patients
with or without HCC; furthermore, the diagnostic accuracy of ERBB3 for HCC detection
was significantly higher compared to the performance of AFP. However, several aspects
should be taken into consideration when interpreting these results. Firstly, our study
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was performed on patients of Caucasian ethnicity chronically infected with HCV, while
the study by Hsieh et al. included Asian patients prevalently infected with hepatitis B
virus; in fact, previous reports showed that etiology of chronic liver disease could affect the
performance of HCC biomarkers [24]. In addition, this is in good agreement with the results
of a recent study showing that HBV and HCV infections were associated with different
ERBB3 mRNA expression in HCC cells [25]. Regarding ethnicity, several studies showed
that ethnic differences may influence cancer biomarker levels as well as drug response and
survival, possibly reflecting different genetic alterations and epigenetic changes involved
in the regulation of oncogenic pathways [26]. Secondly, patients with HCC included in
the study by Hsieh et al. showed different tumor stages, ranging from early (solitary
nodule, ≤2 cm, no vascular invasion and no metastasis) to advanced tumor (extrahepatic
invasion and/or metastasis), while in our study we included only patients with early
HCC. Furthermore, in our study we included as control group patients with liver cirrhosis
only; as a matter of fact, cirrhosis is a pre-neoplastic condition characterized by genetic
alterations, epigenetic modifications, and dysregulation in numerous signaling pathways
involved in cellular growth, differentiation, and angiogenesis not yet established in patients
with chronic hepatitis without cirrhosis [27,28]. These molecular alterations may result
in an increased ERBB3 expression in cirrhotic patients compared to those with chronic
hepatitis. Consistently, Hsieh et al. observed significantly higher ERBB3 serum values in
the former group of patients compared to the latter [18]. Finally, the different assays used
for ERBB3 measurement may be a not-negligible source of variation. Taken together, these
major differences concerning inclusion criteria and methodological approach may explain
the discrepancies between the results of the present study and the study by Hsieh et al.
Conversely, in the setting of HCC prognosis, the measurement of serum ERBB3
showed noteworthy results. Several studies already reported an association between
ERBB3 expression and patients’ outcome in different types of cancer, including lung
adenocarcinoma, breast, gastric, and colorectal cancer [29–31]. Consistently, it has been
shown that the ERBB3-PI3K-Akt signaling pathway is directly involved in HCC growth,
invasion, and migration [32]. Furthermore, ERBB3 was identified as a compensatory
survival factor that was up-regulated after c-Met inhibition in c-Met+ HCC cell line [33]. In
the present study, we observed that low values of serum ERBB3 resulted associated with
longer OS; interestingly, the association remained significant even after adjustment for
patients’ age, liver function, and tumor stage (HR = 2.24, p = 0.017). Similarly, Giannelli and
colleagues previously showed that higher baseline plasma ERBB3 levels were significantly
associated with poor survival (HR = 2.21, p < 0.001) in patients with advanced HCC [19].
For decades, treatment allocation followed a “stage hierarchy” approach, consisting
in the selection of a specific treatment according to the HCC stage [34]. However, growing
evidence supports a less rigid therapeutic approach based on the treatment stage migration
concept [35], or on a hierarchical selection of therapy based on the respective proven
effectiveness, independent from a specific HCC staging system [36]. In this regard, the
results of our study may be valuable for the personalization of therapeutic strategies; as
stated by the European Association for the Study of Liver Disease [8], the identification of
novel biomarkers able to predict therapy response and recapitulate OS are an unmet need.
Further prospective studies are needed to evaluate whether the measurement of serum
ERBB3 could improve the selection of the most appropriate treatment for each patient with
a diagnosis of HCC.
The present study might be limited by the size of the population included. Therefore,
we were not able to stratify survival according to multiple serum ERBB3 cut-offs. However,
as regards HCC patients, we deliberately included a homogeneous group of patients
with early tumor to avoid possible bias. Furthermore, the results were corrected for
potential confounding factors such as age, liver function, and tumor stage. Thus, we
believe that the results are reasonably robust and highlight a potential clinical usefulness
of the investigated biomarker.
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5. Conclusions
Based on the results of the present study, the measurement of serum ERBB3 appeared
unsuitable for the surveillance of patients with cirrhosis for the risk of HCC development;
indeed, the biomarker was not able to discriminate between patients with cirrhosis and
those with early tumor. However, circulating levels of ERBB3 resulted a significant prog-
nostic factor able to predict the survival of HCV-infected patients with early HCC. Further
studies are needed to evaluate whether serum ERBB3 might be useful to tailor personalized
treatment strategies.
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carcinoma: A narrative review. Panminerva Med. 2018, 60, 185–191. [CrossRef] [PubMed]
5. Liu, Z.; Xu, K.; Jiang, Y.; Cai, N.; Fan, J.; Mao, X.; Suo, C.; Jin, L.; Zhang, T.; Chen, X. Global trend of aetiology-based primary liver
cancer incidence from 1990 to 2030: A modelling study. Int. J. Epidemiol. 2020, in press. [CrossRef]
6. Villanueva, A. Hepatocellular Carcinoma. N. Engl. J. Med. 2019, 380, 1450–1462. [CrossRef] [PubMed]
7. Caviglia, G.P.; Ciruolo, M.; Olivero, A.; Carucci, P.; Rolle, E.; Rosso, C.; Abate, M.L.; Risso, A.; Ribaldone, D.G.; Tandoi, F.; et al.
Prognostic Role of Serum Cytokeratin-19 Fragment (CYFRA 21-1) in Patients with Hepatocellular Carcinoma. Cancers 2020,
12, 2776. [CrossRef]
8. European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma. J.
Hepatol. 2018, 69, 182–236. [CrossRef] [PubMed]
9. Marrero, J.A.; Kulik, L.M.; Sirlin, C.B.; Zhu, A.X.; Finn, R.S.; Abecassis, M.M.; Roberts, L.R.; Heimbach, J.K. Diagnosis, Staging,
and Management of Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the Study of Liver
Diseases. Hepatology 2018, 68, 723–750. [CrossRef] [PubMed]
10. Singal, A.; Volk, M.L.; Waljee, A.; Salgia, R.; Higgins, P.; Rogers, M.A.; Marrero, J.A. Meta-analysis: Surveillance with ultrasound
for early-stage hepatocellular carcinoma in patients with cirrhosis. Aliment. Pharmacol. Ther. 2009, 30, 37–47. [CrossRef]
11. Campion, D.; Tucci, A.; Ponzo, P.; Caviglia, G.P. Non-invasive biomarkers for the detection of hepatocellular carcinoma. Minerva
Biotecnol. 2019, 31, 11–22. [CrossRef]
Biology 2021, 10, 215 9 of 9
12. Black, L.E.; Longo, J.F.; Carroll, S.L. Mechanisms of Receptor Tyrosine-Protein Kinase ErbB-3 (ERBB3) Action in Human Neoplasia.
Am. J. Pathol. 2019, 189, 1898–1912. [CrossRef] [PubMed]
13. Maennling, A.E.; Tur, M.K.; Niebert, M.; Klockenbring, T.; Zeppernick, F.; Gattenlöhner, S.; Meinhold-Heerlein, I.; Hussain, A.F.
Molecular Targeting Therapy against EGFR Family in Breast Cancer: Progress and Future Potentials. Cancers 2019, 11, 1826.
[CrossRef] [PubMed]
14. Wang, Z. ErbB Receptors and Cancer. Methods Mol. Biol. 2017, 1652, 3–35. [CrossRef] [PubMed]
15. Shinde, A.; Libring, S.; Alpsoy, A.; Abdullah, A.; Schaber, J.A.; Solorio, L.; Wendt, M.K. Autocrine Fibronectin Inhibits Breast
Cancer Metastasis. Mol. Cancer Res. 2018, 16, 1579–1589. [CrossRef]
16. Shinde, A.; Hardy, S.D.; Kim, D.; Akhand, S.S.; Jolly, M.K.; Wang, W.H.; Anderson, J.C.; Khodadadi, R.B.; Brown, W.S.; George,
J.T.; et al. Spleen Tyrosine Kinase-Mediated Autophagy Is Required for Epithelial-Mesenchymal Plasticity and Metastasis in
Breast Cancer. Cancer Res. 2019, 79, 1831–1843. [CrossRef]
17. Shinde, A.; Paez, J.S.; Libring, S.; Hopkins, K.; Solorio, L.; Wendt, M.K. Transglutaminase-2 facilitates extracellular vesicle-
mediated establishment of the metastatic niche. Oncogenesis 2020, 9, 16. [CrossRef]
18. Hsieh, S.Y.; He, J.R.; Yu, M.C.; Lee, W.C.; Chen, T.C.; Lo, S.J.; Bera, R.; Sung, C.M.; Chiu, C.T. Secreted ERBB3 isoforms are serum
markers for early hepatoma in patients with chronic hepatitis and cirrhosis. J. Proteome Res. 2011, 10, 4715–4724. [CrossRef]
19. Giannelli, G.; Santoro, A.; Kelley, R.K.; Gane, E.; Paradis, V.; Cleverly, A.; Smith, C.; Estrem, S.T.; Man, M.; Wang, S.; et al.
Biomarkers and overall survival in patients with advanced hepatocellular carcinoma treated with TGF-βRI inhibitor galunisertib.
PLoS ONE 2020, 15, e0222259. [CrossRef]
20. Caviglia, G.P.; Touscoz, G.A.; Smedile, A.; Pellicano, R. Noninvasive assessment of liver fibrosis: Key messages for clinicians. Pol.
Arch. Med. Wewn. 2014, 124, 329–335. [CrossRef]
21. Gaia, S.; Campion, D.; Evangelista, A.; Spandre, M.; Cosso, L.; Brunello, F.; Ciccone, G.; Bugianesi, E.; Rizzetto, M. Non-invasive
score system for fibrosis in chronic hepatitis: Proposal for a model based on biochemical, FibroScan and ultrasound data. Liver
Int. 2015, 35, 2027–2035. [CrossRef]
22. D’Abronzo, L.S.; Pan, C.X.; Ghosh, P.M. Evaluation of Protein Levels of the Receptor Tyrosine Kinase ErbB3 in Serum. Methods
Mol. Biol. 2018, 1655, 319–334. [CrossRef]
23. Kotowicz, B.; Winter, P.; Fuksiewicz, M.; Jagiello-Gruszfeld, A.I.; Nowecki, N.; Kowalska, M.M. Clinical value of HER3/ErbB3
serum level determination in patients with breast cancer qualified for neoadjuvant chemotherapy. Ann. Oncol. 2020, 31, S15–S41.
[CrossRef]
24. Ricco, G.; Cavallone, D.; Cosma, C.; Caviglia, G.P.; Oliveri, F.; Biasiolo, A.; Abate, M.L.; Plebani, M.; Smedile, A.; Bonino, F.; et al.
Impact of etiology of chronic liver disease on hepatocellular carcinoma biomarkers. Cancer Biomark. 2018, 21, 603–612. [CrossRef]
25. Buta, C.; Benabou, E.; Lequoy, M.; Régnault, H.; Wendum, D.; Meratbene, F.; Chettouh, H.; Aoudjehane, L.; Conti, F.; Chrétien, Y.;
et al. Heregulin-1ß and HER3 in hepatocellular carcinoma: Status and regulation by insulin. J. Exp. Clin. Cancer. Res. 2016, 35, 126.
[CrossRef] [PubMed]
26. Guerrero, S.; López-Cortés, A.; Indacochea, A.; García-Cárdenas, J.M.; Zambrano, A.K.; Cabrera-Andrade, A.; Guevara-Ramírez,
P.; González, D.A.; Leone, P.E.; Paz-Y-Miño, C. Analysis of Racial/Ethnic Representation in Select Basic and Applied Cancer
Research Studies. Sci. Rep. 2018, 8, 13978. [CrossRef] [PubMed]
27. Dhanasekaran, R.; Bandoh, S.; Roberts, L.R. Molecular pathogenesis of hepatocellular carcinoma and impact of therapeutic
advances. F1000Research 2016, 5. [CrossRef]
28. Kanda, T.; Goto, T.; Hirotsu, Y.; Moriyama, M.; Omata, M. Molecular Mechanisms Driving Progression of Liver Cirrhosis towards
Hepatocellular Carcinoma in Chronic Hepatitis B and C Infections: A Review. Int. J. Mol. Sci. 2019, 20, 1358. [CrossRef] [PubMed]
29. Masroor, M.; Javid, J.; Mir, R.; Prasant, Y.; Imtiyaz, A.; Mariyam, Z.; Mohan, A.; Ray, P.C.; Saxena, A. Prognostic significance of
serum ERBB3 and ERBB4 mRNA in lung adenocarcinoma patients. Tumour Biol. 2016, 37, 857–863. [CrossRef]
30. Bredemeier, M.; Edimiris, P.; Tewes, M.; Mach, P.; Aktas, B.; Schellbach, D.; Wagner, J.; Kimmig, R.; Kasimir-Bauer, S. Establishment
of a multimarker qPCR panel for the molecular characterization of circulating tumor cells in blood samples of metastatic breast
cancer patients during the course of palliative treatment. Oncotarget 2016, 7, 41677–41690. [CrossRef]
31. Ocana, A.; Vera-Badillo, F.; Seruga, B.; Templeton, A.; Pandiella, A.; Amir, E. HER3 overexpression and survival in solid tumors:
A meta-analysis. J. Natl. Cancer Inst. 2013, 105, 266–273. [CrossRef]
32. Ni, Q.; Chen, Z.; Zheng, Q.; Xie, D.; Li, J.J.; Cheng, S.; Ma, X. Epithelial V-like antigen 1 promotes hepatocellular carcinoma
growth and metastasis via the ERBB-PI3K-AKT pathway. Cancer Sci. 2020, 111, 1500–1513. [CrossRef] [PubMed]
33. Steinway, S.N.; Dang, H.; You, H.; Rountree, C.B.; Ding, W. The EGFR/ErbB3 Pathway Acts as a Compensatory Survival
Mechanism upon c-Met Inhibition in Human c-Met+ Hepatocellular Carcinoma. PLoS ONE 2015, 10, e0128159. [CrossRef]
34. Vitale, A.; Trevisani, F.; Farinati, F.; Cillo, U. Treatment of Hepatocellular Carcinoma in the Precision Medicine Era: From
Treatment Stage Migration to Therapeutic Hierarchy. Hepatology 2020, in press. [CrossRef]
35. Forner, A.; Reig, M.; Bruix, J. Hepatocellular carcinoma. Lancet 2018, 391, 1301–1314. [CrossRef]
36. Omata, M.; Cheng, A.L.; Kokudo, N.; Kudo, M.; Lee, J.M.; Jia, J.; Tateishi, R.; Han, K.H.; Chawla, Y.K.; Shiina, S.; et al. Asia-Pacific
clinical practice guidelines on the management of hepatocellular carcinoma: A 2017 update. Hepatol. Int. 2017, 11, 317–370.
[CrossRef] [PubMed]
